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(54) Metal ion implanting apparatus 

(57) A metal ion implanting apparatus according to 
the present invention includes a vacuum vessel also 
serving as an anode, a holder for holding a substrate to 
be processed, a plurality of arc evaporation sources, a 
plurality of arc power supplies and a bias power supply. 
Each of the plurality of arc evaporation sources has a 
cathode including at least one of metal arid a metal 
compound. The cathode evaporates cathode substance 
by arc discharge between the cathodes and the vacuum 
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vessel also serving as 
arc power supplies 
between the cathode 
responding to the arc 
vessel with the 
power supply for app 
voltage on a base of a 
the holder and the 



1he anode. Each of the plurality of 
supply an arc discharge voltage 
the arc evaporation source cor- 
power supply and the vacuum 
cathocje as a negative side. The bias 
ying a negative pulse-like bias 
potential of the vacuum vessel to 
substrate held by the holder. 
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Description 

i 

BACKGROUND OF THE INVENTlOfjl 

1. Field of the Invention j . . 5 

This invention relates to a meial ion implanting 
apparatus for implanting metal ions jinto substrates of 
automobile parts such as crankshafts] general industrial 
parts of as drills, etc., and medical materials of artificial 10 
bones, catheters, etc., for example. 

2. Description of the Related Art -, 



The substrates of automobile paits, general indus- 
trial parts, medical materials; etc., as mentioned above 
usually have a complicated shape. An attempt has been 
made to improve the wear resistance, corrosion resist- 
ance, hardness, lubricating ability, etc., of such sub- 
strates by implanting metal ions into the substrates. For. 
example, titanium is implanted into pa 1s such as crank- 
shafts to improve the wear resistance. Silver is 
implanted into catheters to improve the antibacterial 
effect. If titanium is implanted into artificial bones, the 
wear resistance is improved; if calcium is implanted into 
artificial bones, they becomes easily integral with live 
bones. 

Various systems for coating substrates with a metal 
thin film rather than implanting m etui ions into sub- 
strates have been proposed. Fig. 7 shows an example 
of them. 1 . 

The thin-film formation system shjown in the figure 
is similar to a system disclosed in Unexamined Japa- 
nese Patent Publication (kokai) No. Shp 63-458. It has a 
vacuum vessel 2 evacuated by ari evacuator (not 
shown), a holder 12 located in the vaduum vessel 2 for 
holding a substrate 10 to be processed, and an arc 
evaporation source 16 attached to the vacuum vessel 2 
so as to face the substrate 10. Gas 4 ?such as inert gas 
or reactive, gas is introduced into the vacuum vessel 2 
from a gas source (not shown). 

The arc evaporation source 16, wjhich has a cath- . 
ode 18 made of metaJ or a metal alloV, is provided for 
locally dissolving the cathode 18 bl arc discharge 
between the cathode 18 and the vacuum vessel 2 also 
serving as an anode for evaporating cathode substance 
18a. From a DC arc power supply 20, a DC arc dis- 
charge voltage is supplied between th€i cathode 18 and 
the vacuum vessel 2 with the former as a negative side. 
The arc discharge voltage is about ICi V to 100 V, for 
example. A trigger electrode, etc., is not shown in the 
drawing. Numeral . 1 7 represents an insulator and 
numeral 1 9 represents a metal flange. 

A negative DC bias voltage on a base of the poten- 
tial of the vacuum vessel 2 is applied Ito the holder 12 
and the substrate 10 held by the. holder 12 from a DC 
bias power supply 1 4. The bias voltage is about 0 V to 6 
kV, for example. 
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In film formation, the vacuum vessel 2 is exhausted 
to about 10" 6 Torr, for example, then the gas 4 is intro- 
duced into the vacuum vessel 2 and with bias voltage 
(as mentioned above) applied to the substrate 10, arc 
discharge is performed at the arc evaporation source 
16, whereby the cathode substance 18a is evaporated 
from the cathode 18. Plasma (not shown) is generated 
near the front of the cathode 18 by the arc. discharge 
and a part of the cathode substance 18a is ionized. The 
ionized cathode substance 18a is attracted to the sub- 
strate 10 to which the negative bias voltage is applied, 
and. is incident and deposited on the substrate 10 for 
forming a thin film made of the cathode substance 18a 
on the surface of the substrate 10. If the gas 4 is a reac- 
tive gas, a compound thin film of the cathode substance 
18a and the reactive gas is formed. Such a film forma- 
tion method is a kind of ion plating. 

The thin^film formation system as described above 
cannot implant metal ions into the substrate 10 although 
it coats the surface of the substrate 1 0 with a metal thin 
film. The reason is as follows: To implant metal ions into 
the substrate 10, a bias voltage far larger than the 
above-mentioned bias voltage, for example, a bias volt- 
age of about 5 kV to 600 kV must be applied to the sub- 
strate 10 and metal ions must be accelerated toward the 
substrate at a Targe voltage. If an atmosphere in which 
the degree of vacuum is about 10" 4 Torr is taken as an 
example, ideally (namely, when voltage is applied 
between electrodes with no foreign material such as 
bulk particles in an equal electric field), a bias voltage of 
up to 60 kV can be applied according to Paschen%-law. 
However, in the system, one is the plasma electrode 
formed near the front of the cathode 1 8 and the other is 
the electrode formed of the substrate 10 normally hav- 
ing asperities, thus an unequal electric field occurs. 
Since foreign material (bulk cathode substance 18a) is 
contained between the electrodes, actually a break- 
down occurs between the plasma electrode and the 
substrate 10 at less than 10kV; stopping the bias power 
supply 14. From this reason, it is difficult to apply a large 
DC bias voltage to the substrate 10 and therefore, such 
a system cannot implant metal ions into the substrate 
10. 

To implant metal ions into substrates, normally a 
metal ion source is used. Fig. 8 shows an example of 
such a metal ton source: 

The metal ion source is similar to that disclosed in 
Unexamined Japanese Utility Model Publication (jikkai) 
No. Hei 3-79153, for example. Metal vapor 26 gener- 
ated by heating metal in an oven 24 is supplied to a 
plasma generation vessel 22, where the metal vapor 26 
is converted into plasma to generate metal plasma 28 
from which metal ions 32 are extracted by applying volt- 
age to extraction electrodes 30, which consist of several 
electrodes each having a large number of holes 31 . 

According to such a metal ion source, a voltage of 
about 1 kV to 100 kV can be applied to the extraction 
electrodes 30 for extracting metal ions 32 of energy of 
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about 1 key to 100 keV, and the metal ions 32 can be 
applied to a substrate for metal ion implantation. 

However, as the metal ions 32 are extracted from 
the extraction electrodes 30, metal adheres to the elec- 
trodes and the holes 31 are clogged with the metal, s 
making it difficult to extract the metal ions 32. Thus, the 
extraction electrodes 30 must be cleaned frequently; 
maintenance is not easy. Continuous operation for long 
time is hard to perform. 

Moreover, since the metal ions 32 extracted from 10 
the extraction electrodes 30 travel in straight lines and 
are strong in directivity, it is difficult to uniformly implant 
metal ions into a substrate of a complicated shape. To 
do this, more than one metal ion source as described 
above must be used.. In doing so, the ion sources them- is 
selves are expensive and more than one power supply 
for each of them is required, leading to extremely high 
costs. 



SUMMARY OF THE INVENTION 
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It is therefore a main object of the invention to pro- 
vide a metal ion implanting apparatus which can implant 
metal ions uniformly into even complicated-shaped sub- 
stances and continuously operate for long time and is 25 
easily maintained and is inexpensive. 

A metal ion implanting apparatus according to the 
present invention is comprised of: a vabuum vessel also 
serving as an anode; a holder being disposed in the 
vacuum vessel for holding a substrate to be processed; 30 
a plurality of arc evaporation sources being attached to 
the vacuum vessel to surround Ihe substrate held by the 
holder in the vacuum vessel, each of the plurality of arc 
evaporation sources having si cathode comprising at 
least one of metal and a metal compound, the cathode 35 
evaporating cathode substance by arc discharge 
between the cathodes and the vacuum vessel also 
serving as the anode; a plurality of arc power supplies 
each for supplying ah arc discharge voltage between 
the cathode of the arc evaporation source correspond- 40 
ing to the arc power supply and the vacuum vessel with 
the cathode as a negative side; and a bias power supply 
for applying a negative pulse-like bjas voltage on a b&se 
of a potential of the vacuum vessel to the holder and the 
substrate held by the holder. 

According to the configuration, if the arc discharge 
voltage is supplied from each arc power supply to each 
arc evaporation source for causing arc discharge to 
occur in each arc evaporation source, the metal plasma 
containing the cathode substance is generated near so 
each cathode. In the state, if the negative pulse-like bias 
voltage is applied to the holder and the substrate held 
by the holder from the bias power supply, it causes the 
metal ions to be extracted from the metal plasma and 
drawn into the substrate. . 55 

In this case, if the bias voltage is DC, a breakdown 
easily occurs for the reason as described above, thus 
the bias voltage cannot be set much large. If the bias 
voltage is a pulse-like bias voltage, the pulse width of 



the voltage can be selected appropriately for causing 
the voltage to reach 0 or near 0 before a breakdown 
occurs. Therefore, a large negative bias voltage can be 
applied to the substrate. Resultantly, the metal ions can 
be extracted at a large voltage from the metal plasma 
generated by each arc evaporation source and can be 
implanted into the subjstrate. In this case, a plurality of 
the arc evaporation sources are placed so as to sur- 
round the substrate he d by the holder and moreover the 
metal plasma generated by. each . arc evaporation 
source spreads out in :o the nearby space, so that the 
metal ions can be implanted into the substrate from the 
surroundings thereof, whereby the metal ions can be 
uniformly implanted into even complicated-shaped sub- 
strates. 

Moreover, since the metal ions in the metal plasma 
are directly extracted due to the effect of the negative 
bias voltage, extraction electrodes involved in a metal 
ion source are not required and the problem of clogging 
the holes of the extraction electrodes with metal does 
not occur. Therefore, continuous operation can be per- 
formed for long time and maintenance is also easy, 
leading to extremely high productivity, 

Unlike the metal on source, the arc evaporation 
source does not require the extraction electrodes or 
power supplies therefo - and is simple in structure. Thus, 
the cost of disposing a plurality of the arc evaporation 
sources is far lower th^n that of disposing a plurality of 
the metal ion sources. 



BRIEF DESCRIPTION 



In the accompanying drawings 



OF THE DRAWING 



Fig. 1 is a longitudinal sectionial view showing one 
embodiment of a metal ion implanting apparatus 
according to the invention; 
Fig. 2 is a transverse sectional view of the implant- 
ing apparatus in Fig! 1 ; 

Fig. 3 is a chart si lowing an embodiment of wave- 
forms of arc discharge voltage and bias voltage; 
Fig. 4 is a chart snowing another embodiment of a 
waveform of bias voltage; 

Fig. 5 is a schematic sectional view showing an 
embodiment of a substrate coated with a metal thin 
film; J' 

Fig. 6 is a drawing showing an embodiment of 
implanting gas iorps into a substrate by using the 
implanting apparatus in Fig. 1 ; 
Fig. 7 is a schematic sectional view showing an 
embodiment of a conventional thin-film formation 
system using an arc evaporation source; and 
Fig. 8 is a schematic sectional view showing an 
embodiment of a conventional metal ion source. 
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DETAILED DESCRIPTION OF THE INVENTION 



i shade 
substrate 



Referring now to the 
detailed description of the invention 
follows. 

Fig. i is a longitudinal sectional 
metal ion implanting apparatus a< 
invention. Fig. 2 is a transverse 
implanting apparatus in Fig. i. 

The metal ion implanting 
invention has a vacuum vessel 2 
uator 8. Gas 4 such as an inert gas 
introduced into the vacuum vessel 2 
6. The inert gas is an argon gas, for 
five gas is a gas reacting with 
ionized, when a cathode 18 of an arc 
16 described below is arc-evaporate i 
pound. For example, to yield nitride, it 
to yield carbide, it is a methane gas 
like. . . 

A holder 12 for holding ai substrate 
essed is located in the vacuum vessel 
the holder 1.2 is not limited to the 
be of any shape if it can hold the 

: Preferably, the holder 12 is made 
ions can be implanted more uniformly 
. of the substrate. For this purpose, the 
ported by a rotating shaft 56 and the 
substrate 10 are rotated, for exampl^ 
direction by a rotation drive 58 
vacuum vessel 2. A bearing part 60 
vacuum sealing and electrically 
rotating shaft 56 and the vacuum 
the portion where the rotating shaft 
vacuum vessel 2. 

The substrate 10 is, for examplp 
part such as a crankshaft, a general 
drill, etc., a. medical material of an 
ter, or the like, as described above; its 
ited to that shown and may be any 

If the substrate 10 is nonconducti^e 
surface of the substrate 10 is coated 
thin film of metal, etc., or conductive 
etc., is introduced into the inside of 
before ion implantation so that a 
applied to the substrate 10 from the 
A plurality of arc evaporation 
attached to the vacuum vessel 2 so 
substrate 10 held by the internal holder 
ically, as shown in Fig. 2, the plane shape 
vessel 2 is square and the arc 
are attached to the four side faces of 
2 so as to surround the substrate 10 
12 from all directions. The arc 
may also be disposed on the top 
vessel 2 toward the substrate 1 0. 

Each arc evaporation source 16, 
ode 18 made of metal or a metal 
locally dissolving the cathode 18. by 



i bias 



as 



evaporation 
ftfi 
hjeldl 
evapo ation 
face 



I alloy, 



accompanying drawings, a 
i wjill be described as 

view showing a 
tccordiing to the present 
seqtional view of the 

apparatus of the present 
evacuated by an evac- 
or reactive gas is 
Irorri a gas source 
e cample. The reac- 
evaporation substance 
e/apbration source, 
to yield a corn- 
is a nitrogen gas; 
ethylene gas, or the 

10 to be proc- 
2. The shape of 
shown and may 
10. 

rotational so that 
into the full face 
holder 12 is sup- 
liolder 12 and the 
in the arrow A 
outside the 
functions of 
between the 
2 is located in 
penetrates the 



having : 
insulating 
i vessel 
56 



an automobile 
industrial part of a 
artilji cial bone, cathe- 
shape is not lim- 
sh^pe. 

preferably the 
with a conductive 
material of metal, 
the substrate 10 
voltage can be 
holder 12. 
sources 16 are 
to surround the 
12. More specif- 
of the vacuum 
sources 16 
e vacuum vessel . 
by the holder 
source 16 
of the vacuum 
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Which has a cath- 
is provided for 
causing arc dis- 



charge (numeral 34 in Fig. 1 shows the arc schemati- 
cally) between the cathode 18 and the vacuum vessel 2 
also serving as an anode for evaporating cathode sub- 
stance. At the time, metal plasma 36 containing the 
cathode substance is generated near the front of each 
cathode 18 by the arc discharge. 

Normally, each arc evaporation source 16 is pro- 
vided with a trigger electrode, etc., for starting arc dis- 
charge, for example, as disclosed in Unexamined 
Japanese Patent Publication (kbkai) No. Sho 63-18056, 
but is not shown in the drawing. Numeral 17 designates 
an insulator and numeral 19 represents a metal flange 
in the drawing. 

An arc power supply 40 for supplying arc discharge 
voltage V A between the cathode 18 of each arc evapo- 
ration source 16 and the vacuum vessel 2 with the cath- 
ode 18 as the negative side is connected therebetween. 

In order to enable various types of processing as 
described below, each arc power supply 40 is provided 
with a DC arc power supply 42 for supplying a DC arc 
discharge voltage between the cathode 1 8 and the vac- 
uum vessel 2 with the former as the negative side and a 
pulse arc power supply 44 for supplying a negative 
pulse-like arc discharge voltage between the cathode 
18 and the vacuum vessel 2, whereby the DC arc dis- 
charge voltage and pulse-like arc discharge voltage can 
be alternatively switched for supply to each cathode 1 8. 
For this purpose, the arc power suppilies 42 and 44 are 
alternatively connected to the cathode 18 by switches 
46 and 47, but the circuit configuration is not limited to it. 

Further, in order to enable various types of process- 
ing as described below, a plurality of switches 48 are 
provided each for opening/closing the path between the 
cathode 18 of each arc evaporation source 16 and the 
vacuum vessel 2. 

A bias power sipply 50 for applying a negative 
pulse-like bias voltage V B on a base of the potential of 
the vacuum vessel 2 (this potential normally is ground 
potential) to the holder 12 and the substrate 10 held by 
the holder 12 is connected to the holder 12 via the rotat- 
ing shaft 56 in the example. However, with the rotating 
shaft 56 as an insulator, the bias voltage V B may be 
applied to the holder 12 via a lead, etc., other than the 
rotating shaft 56. 

In order to enable various types of processing as 
described below, the bias power supply 50 includes a 
DC bias power supply 52 for outputting a negative DC 
bias voltage V 0 and a pulse bias power supply 54 for 
superposing a negative pulse bias voltage V> on the 
negative DC bias voltage Vq. A switch (not shown) may 
be connected to the DC bias power supply 52 for 
bypassing the power supply 52 when the power supply 
52 is not used. ■ - 

The basic operation of the metal ion implanting 
apparatus as described above will be described. The 
cathode 18 made of desired metal, such as titanium or 
silver, is attached to each arc. evaporation source 16 
and a desired substrate 10 is held by the holder 12. In 
this state, the vacuum vessel 2 is exhausted to a prede- 
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termined vacuum degree, for example, about 10" to 10* 
6 Torr, by the evacuator 8. Then, gas 4 is introduced into 
the vacuum vessel 2 from the gas source 6 as required. 
For example, to cause cathode substance to react with 
the gas 4 to yield a compound, a reactive gas such as a 
nitrogen gas; methane; gas, or ethylene gas is intro- 
duced into the vacuum vessel 2 so that the vacuum 
degree in the vacuum vessel 2 becomes about 10" to 
10" 3 Torr, for example. If such a compound is not pro- 
duced, preferably an inert gas of argon, etc., is intro- 
duced into the vacuum vessel 2 so that the vacuum 
degree in the vacuum vessel 2 becomes about 10" to 
10* 4 Torr, for example, to cause arc discharge to stably 
occur in each arc evaporation source 16. 

In such a state, if the arc discharge voltage V A is 
supplied from each arc power supply 40 to each arc 
evaporation source 16 for causing arc discharge to 
occur in each arc evaporation source 16, the metal 
plasma 36 containing the cathode substance is gener- 
ated near the front of each cathode 18. 

In the state, if the negative pulse-like bias voltage 
V B is applied to the holder 12 and the substrate 10 held 
by the holder 12 from the bias power supply 50, it 
causes the metal ions 38 to be extracted from the metal 
plasma 36 and drawn into the substrate 10. 

in this case, if the bias voltage is DC, a breakdown 
easily occurs between the holder 12 and/or the sub- 
strate 1 0 and the vacuum vessel 2 via the plasma for the 
reason as described above, thus the bias voltage can- 
not be increased exceeding a certain degree. If the bias 
voltage is the pulse-like bias voltage V B , the pulse width 
of the voltage can be selected appropriately for causing 
the voltage to reach 0 or near 0 before a breakdown 
occurs. That is7 the metal p!asma"36 contains metallic 
masses called droplets. It is assumed that the time to a . 
breakdown caused by the droplets is t and the pulse 
width of the bias voltage V B is W. (see Figs. 3 and 4). If 
the condition of W<t is satisfied, the voltage disappears 
before the breakdown is caused to occur, thus the 
breakdown can be prevented. Therefore, a large bias 
voltage can be applied to the substrate 10. 

If the pulse width W of the pulse-like bias voltage V B 
is made shorter, the chance of causing a breakdown, is 
made smaller while the power that can be supplied is 
made smaller. If the pulse width W is widened, a break- 
down is easily caused to occur although it depends on 
the pressure in the vacuum vessel 2, the shape of the 
substrate 10, etc. Considering these factors, preferably 
the pulse width W is selected in the range of 1 \is to 1 0 
ms. 

Because of pulse-like voltage, to supply large 
power, preferably the frequency (number of repetitions) 
of the bias voltage V B is heightened to a certain degree 
or more, specifically 100 Hz to 10 kHz. 

Under such conditions, the bias voltage V B whose 
absolute value is about 1 kV to 700 kV can be applied to 
the holder 1 2 and the substrate 10, 

A typical example of the bias voltage V B in the 
range is as follows: The magnitude is -30 kV to -125 kV, 



Thus, the metal 
extract the metal ions 



the pulse width is 10 tcj 30 |xs, and the frequency is 200 
Hzto2kHz ; 

ion implanting apparatus can 
38 at a large voltage from the 
metal plasma 36 generated by each arc evaporation 
source 16 and implan the metal ions 38 into the sub- 
strate 10. 

In this 
source^ 16 are placed 
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case, a plurality of the arc evaporation 
so as to. surround the substrate 
10 held by the holder 12, arid moreover the metal 
plasma 36 generated by each arc evaporation source 
16 spreads out into ths nearby space. Accordingly, the 
metal , ions 38 can be implanted into the substrate 10 
from the surroundings [hereof. Therefore, the metal ions 
can be uniformly implanted into even complicated- 
shaped substrates 10. 

Moreover, since ihe metal ions 38 in the metal 
plasma 36 are directly extracted due to the effect of the 
bias voltage V B< the ex Taction electrodes involved in the 
metal ion source described, above are not required and 
the problem of cloggind the holes of the extraction elec- 
trodes with metal does not occur. Therefore, continuous 
operation can be performed for long time and mainte- 
nance is also easy, leading to extremely high productiv- 
ity. . 

Unlike the metal on source, the arc evaporation, 
source 16 does pot require the extraction electrodes or 
power supplies therefor and is simple in structure. Thus, 
the cost of disposing a plurality of the arc evaporation 
sources 1 6 is far lower than that of disposing a plurality 
of the metal ion source s. 

Next, embodiments for performing various types of. 
processing by using the metal ion implanting apparatus 
as described above wi I be discussed. 
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Embodiment 1 : To execute metal ion implantation only 



(1) 

This embodiment 
supplies 44 in the arc 
pulse bias power supp 



45 



uses only the pulse arc power 
power supplies 40 and only the 
|y {54 in the bias power supply 50 
as power supplied. Therefore, the DC arc power sup- 



50 



55 



plies 42, the DC bias power supply 52, etc., are not 
required. Therefore, to perform only the processing in 
this embodiment, eac|i arc power supply 40 may be 
made up of only the pulse arc power supply 44 and the 
bias power supply 50 r lay be made up of only the pulse 
bias power supply 54. 

Negative pulse-like arc discharge voltage V A , for 
example, as shown in Fig. 3 is supplied from each pulse 
arc power supply 44 to the cathode 18 of each arc 
power evaporation source 16. Negative pulse-like bias 
voltage V B , for exampe, as shown in Fig. 3 is applied 
from the pulse bias power supply 54 to the holder 12 
and the substrate 10 held by the holder 12. Moreover, 
both the voltages V A and V B are; previously synchro- 
nized with each other and the pulse width W of the latter 
is previously made lorjger than the pulse width W A of 
the former. The preferred ranges of the amplitude 
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(absolute value) V, pulse width W, ancJ frequency of the 
pulse-like bias voltage V B are as described above. 

. In the embodiment, since the arc discharge voltage 
V A is like pulses, arc discharge in each arc evaporation 
source 1 6 occurs intermittently and the metal plasma 36 
is also generated, intermittently: Whenever the metal 
plasma 36 is generated, the bias voltage V B is applied 
to the holder 12 and the substrate 10 so that the metal 
ions 38 are implanted into the substrate 10 because of 
the effect as described above, but c&ating of the sub- 
strate 1 0 with cathode substance (metal) because of the 
effect of a low bias voltage or no bias voltage is not per- 
formed. Therefore, only metal Ton implantation car> be 
executed into the substrate 10. ' 



Embodiment 2: To execute metal ion 
(2) 



inplantation only 



In this embodiment, only the DC arc power supplies; 
42 are used in the arc power supplies 10. Therefore, the 
pulse arc power supplies 44, the switches 48, etc., are 
not required. Both the DC bias power supply 52 and the 
pulse bias power supply 54 are used in the bias power 
supply 50. Therefore, to perform only the processing in 
this embodiment, each arc power supply 40 may be 
made up of only the DC arc power sjpply 42 and the 
bias power supply 50 may be made i p of the DC bias: 
power supply 52 and the pulse bias power supply 54. 

DC arc discharge voltage V A is supplied from each 
DC arc power supply 42 to the cathode 18 of each arc 
power evaporation source 16; Bias vol tage V B provided- 
by superposing negative pulse bias voltage V P on neg- 
ative DC bias voltage Vq, for example, as shown in Fig. 
4 is applied from the bias power supply 50 to the holder 
1 2 and the substrate 10 held by the he Ider 12. . 

In this embodiment, preferably! the magnitude 
(absolute value) of the DC bias voltage V D is about 800 
V to 10 kV, more preferably about 1 kVJSince the sputter 
efficiency is high at such voltage and is highest particu- 
larly at around 1 kV, the cathode subsiance evaporated 
onto the substance 10 is sputtered and completely 
removed by energy of the metal dlasma 36. This . 
method is called ion bombarding, whereby the surface 
of the substrate 10 can be cleaned, but the substrate 10 
is not coated with the cathode substance. 

The preferred ranges of the amplitude V, pulse 
width W, and frequency of the pulse bias voltage V P are 
as described above. 

In this embodiment, sinde the arc c ischarge voltage 
V A is DC, arc discharge in each arc ev aporation source 
16 continues during processing and the metal plasma 
36 is always generated. While the sui face of the sub- 
strate 10 is being cleaned by ion bombarding caused by 
the DC bias voltage V D applied to the substrate 10, the 
metal ions 38 are implanted into the substrate 10 
because of the effect of the pulse Dias voltage V P 
applied to the substrate 10. That is, metal ion implanta- 
tion is executed in a clean state in ylhich impurities, 
oxide films, etc., do not adhere to the si rface of the sub- 



strate 10, so that better metal ion implantation with less 
mixed impurities can be performed. 

Embodiment 3: To execute coating with metal film and 
5 - metal ion implantation alternately 

In this embodiment the power supply configuration 
and the characteristics of arc discharge voltage V A and 
bias voltage V B are similar to those in Embodiment 2. 
10 Therefore, the bias voltage V B as shown in Fig. 4 is 
applied to the holder 12 and the substrate 10. However, 
preferably the magnitude of the DC. bias voltage V D 
applied to the holder 12 and the substrate 10 is about 
100 V to 1 kV to lessen sputtering caused by the metal 
15 plasma 36 for enabling the substrate 10 to be coated 
with cathode substance (metal). 

In the embodiment, since the arc discharge voltage 
V A is DC, arc discharge in each arc evaporation source 
16 continues during processing and the metal plasma 
20 36 is always generated. Therefore, cathode substance 
evaporated from each arc evaporation source 16 is inci- 
dent and deposited on the substrate 10 and the metal 
ions 38 are drawn in because of the effect of the DC 
bias voltage V D ; a metal thin film is thus formed on the 
25 surface of the substrate 10. This method is called ion 
plating. At the same time, the metal ions 38 are 
implanted into the substrate 10 because of the effect of 
the pulse bias voltage V P superposed on the DC bias 
voltage V D for the duration of the pulse width W (see 
so Fig. 4) of the pulse bias voltage V P Therefore, in the 
- embodiment,- coating of the substrate with a metal thin 
film by the ion plating and metal ion implantation 
because of the effect of the pulse bias voltage V P are 
executed alternately. 
35 According to the method, as shown in Fig. 5, the 
metal ions 38 can be implanted into the substrate 10 
while a metal thin film 62 is being formed on the surface 
of the substrate 10. At this time, the metal ions 38 pro- 
duce the effects of (1) excitation of evaporation atoms 
40 by energy of the ions. (2) pushing of the evaporation 
atoms Into the substrate 10. (3) turning out the substrate 
atoms and evaporation atoms, and (4) the ions entering 
the substrate 10. The effects (2) to (4) cause a mixed 
layer consisting of the component elements of the sub- 
45 strate 10 and the metal thin film 62 to be formed in the 
vicinity of the interface therebetween, improving adhe- 
sion of the metal thin film 62 to the substrate 10. Also, 
crystallization of the metal thin film 62 is promoted by 
the effect (1), called ion assist. 

50 

Embodiment 4: To execute coating with compound film 
and metal ion implantation alternately 

In this embodiment, the power supply configuration, 
55 the characteristics of arc discharge voltage V A and bias 
voltage V B , and the magnitude of DC bias voltage V D 
are similar to those in Embodiment 3. In the embodi- 
ment, however, a reactive gas reacting with the sub- 
stance of which the cathode 18 of each arc evaporation 
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source 16 is made to yield a compound is introduced 
into the vacuum vessel 2 as the gas 4. 

In the embodiment, the reaction of the ionized cath- 
ode substance and the reactive gas in the atmosphere 
forms a compound thin film rather than a metal thin film 
on the surface of the substrate 10. For example, if the 
cathodes 18 are made of titanium and the gas 4 is a 
nitrogen gas, a ceramic film of titanium nitride (TIN) is 
formed. Coating with the compound thin film and metal 
ion implantation because of the effect of pulse bias volt- 
age V P are executed alternately, whereby a compound 
multilayer film is formed. 

Also in the method, the above-mentioned pushing, 
turning out, and entering effects produced by the metal 
ions 38 cause a mixed layer consisting of the compo- 
nent elements of the compound thin film and the sub- 
strate 10 to be formed in the vicinity of the interface 
therebetween, improving adhesion of the compound 
thin film to the substrate 10. Likewise, a mixed layer is 
formed in the vicinity between the layers of the multi- 
layer film, improving cohesion between the layers of the 
multilayer film. 

The cathodes 1 8 of the arc evaporation sources 1 6 
may be made of different elements, in which case a mul- 
tilayer film of a compound of three elements or more can 
be formed. For example, if the cathodes 18 are made of 
titanium and aluminum and a nitrogen gas is used as 
the gas 4, a multilayer f ilm of a 3-element compound of 
(TiAI)N can be formed. 

A functionally gradient film whose composition 
changes in the film thickness direction can also be 
formed by controlling the evaporation amount, etc., of 
the cathode substance from the cathodes 18 during the 
" film formation. * " 

Embodiment 5: To execute two processes of gas ion 
implantation and metal ion implantation 

This embodiment uses switches 48 for open- 
ing/closing between the cathode 16 of each arc evapo- 
ration source 16 and the vacuum vessel 2. 

In the first process, the switches 48 are closed as 
shown in Fig. 6. Therefore, in this state, the arc evapo- 
ration sources 16 are not worked and are simply placed 
in the same potential as the vacuum vessel 2. In this 
state, the vacuum vessel 2 is exhausted to a predeter- 
mined vacuum degree, then desired gas 4 is introduced 
into the vacuum vessel 2 to keep the gas pressure 
therein at pressure convenient for causing a DC glow 
discharge to occur between the substrate 1 0 and the 
vacuum vessel 2, for example, about 5 mTorr to 50 
mTorr. 

In the state, negative DC bias voltage V D is applied 
to the holder 12 and the substrate 10 held by the holder 
12 from the DC bias power supply 52 forming a part of 
the bias power supply 50 and with the vacuum vessel 2 
as an anode and the holder 1 2 and the substrate 1 0 as 
a cathode, a DC glow discharge is caused to occur ther- 
. ebetween. The magnitude of the DC bias voltage V D is 



set to about 500 V, for) example. Then, the gas 4 intro- 
duced into the vacuu n vessel 2 is ionized and gas 
plasma 66 is generated in the vacuum vessel 2. In this 
case, an ion sheath 68 mainly containing only ioris with 
5 electrons excluded is formed near the holder 12 and the 
. surface of the substrata 10 at negative potential.. 

In this state, wher negative pulse bias voltage V P 
superposed on the DC bias voltage V D is applied to the 
holder 12 and the substrate 1.0 from the pulse bias 
10 power supply 54 formir g a part of the bias power supply 
50, the electric field causes the gas plasma 66 or gas 
ions 70 in the ion sheath 68 to be accelerated toward 
the substrate 10, wiereby the gas ions can be 
implanted into the substrate. The first process is now 
complete. j. 

In the second process, returning to the state, for 
1, the arc evaporation sources 
; with the switches 48 opened, arc. 
is supplied from the arc power 
20 supplies 40 to the arc evaporation sources 1 6 for oper- 
ating the same to ger erate the metal plasma 36 and 
negative pulse bias voltage V P is applied to the sub- 
strate 1 0 from the puis 5 bias power supply 54 forming a 
part of the bias power supply 50 for drawing the metal 
25 ions 38 in the metal plasma 36 into the substrate 10 for 



15 



30 



35 



40 



45 



example, shown in Fic 
1 6 are worked. That is, 
discharge voltage V A 
supplies 40 to the arc 



metal ion implantatior 
specifically, the various 
Embodiments 1-4 can 
Thus, the single 



In the second process, more 
types of processing described in 
De performed. 

metal ion implanting apparatus 
shown in Fig. 1 can perform the two processes of gas 
ion implantation and m 5tal ion implantation into the sub- 



strate 10. 

For example, after 
the vacuum vessel 2r 
into the substrate 10 
the first process, met 
strate 10 or coating th 



a nitrogen gas is introduced into 
nd nitrogen ions- are implanted 
r performing base processing in 
ion implantation into the sub- 
substrate 10 with a thin film. and 



metal ion implantation into the substrate 10 can be exe- 
cuted as described above in the second process. That 
is. the base processing is nitrogen processing, whereby 
rate 10 is hardened, on which a 
etc., so that the substrate 10 
n film more excellent in the hard- 



the surface of the sub 
thin film can be formi 
can be coated with a tl 
ness, etc. 

In contrast, after 
cuted for metal ion im| 



50 



55 



e second process is first exe- 

.„ .. . Ilantation into the substrate 10 or 

coating the substrate 10 with a thin; film, and metal ion 
implantation into the siLbstrate 10, the first process can 
also be executed for gas ion implantation into the sub- 
strate 10, whereby gas ions can be furthermore 
implanted into the metal or compound thin film formed 
on the surface of the si bstrate 1 0 in the preceding proc- 
ess for forming a compound thin film of more elements 
apart from the metal dr compound thin film. For exam- 
ple, nitrogen ions can also be implanted into a thin film 
made up of TiC, TiAl.TiZr, etc., for forming a compound 
thin film such as (TiC)fll, (TiAI)N, (TiZr)N. 
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Claims 



2. 



6. 



A metal ion implanting apparatus 
a vacuum vessel also sen 
a holder being disposed in 
sel for holding a substrate to be 

a plurality of arc evaporation 
attached to said vacuum vessel 
substrate held by said holder in 
sel, each of said plurality of arc 
having a cathode comprising at 
and a metal compound, said 
cathode substance by arc disch 
cathodes and said vacuum 
the anode; 

a plurality of . arc power 
-supplying an arc discharge voltage 
cathode of said arc evaporation 
ing to said arc power supply and 
sel with said cathode as a negat 

a bias power supply for 
pulsed ike bias voltage on a base 
said vacuum vessel to said holder 
helql by said holder. 



comprising: 
ing as an anode; 
said vacuum ves- 
^rocessed; 

sources being 
to surround the 
said vacuum ves- 
)n sources 
I east one of metal 
cathode evaporating 
rge between said 
also serving as 



vessel 



A metal ion implanting apparatus 
1, wherein the negative pulse-lik€ 
an absolute value in the range . of 
pulse width ranging from 1 jis to 
quency ranging from 100 Hz to 
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Recording to claim 
bias voltage has 
1 KVto.700 kV, a 
10 ms, and a fre- 
kHz. 



™™^U^ ri J!!?!?!?*L n 9 W^^usJicTOitiing to claim 
1 or 2, further comprising mean4 
holder and the substrate held by ? 
vacuum vessel. 



said 



A metal ion implanting apparatus 
1 , 2 or 3, wherein each of said arc 
a pulse arc power supply, for outpditting 
arc discharge. voltage, and said b 
is a pulse bias power supply for o 
tive pulse bias voltage being 
pulse-like arc discharge voltage 
width, longer than the pulse-like 
age. 



* aire 



for rotating said 
holder in said 



recording to claim 
power supplies is 
a pulse-like 
ias power supply . 
Jtputting a nega- 
with the 
having a pulse 
discharge volt- 



syncironized ■< 
i and 



A metal ion implanting apparatus According to claim 
1 , 2 or 3, wherein each of said arc bpwer supplies is 
a DC ark power supply for outputting a DC arc dis- 
charge voltage, and said bias power supply 
includes a DC bias power suppM for outputting a 
negative DC bias voltage and a pulse bias power 
supply for superposing a negative pulse bias volt- 
age on the negative DC bias voltaic 

A metal ion implanting apparatus abcording to claim 
1 , 2 or 3, wherein said bias power supply includes a 
DC bias power supply for outputtirjg a negative DC 
bias voltage, and a pulse bias power supply for 



supplies each for 
between said 
source correspond- 
said vacuum ves- 
side; and 
applying a negative . 
of a potential of 
and the substrate 
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superposing a negative pulse bias voltage on the 
negative DC bias voltage; and 

wherein each of said arc power supplies 
includes a DC arc power suppl/fbr supplying a DC 
arc discharge voltage between said cathode of said 
arc evaporation source corresponding to said arc 
power supply and said vacuum vessel, and a pulse 
arc power supply for supplying a pulse-like arc dis- 
charge voltage being synchronized with pulse bias 
voltage output from said pulse bias power supply 
and having a pulse width shorter than the pulse 
bias voltage. 

A metal ion implanting apparatus according to claim 
1. 2, 3, 4, 5 or 6, further comprising means for intro- 
ducing into said, vacuum vessel a reactive gas 
reacting with evaporation substance ionized when 
the cathodes of said arc evaporation sources are 
arc-evaporated. 

A metal ion implanting apparatus according to claim 
6 further comprising means for introducing a reac- 
tive gas into said vacuum vessel, and a plurality of 
switches for opening/closing between the cathodes 
of said arc evaporation sources and said vacuum 
vessel. 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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